2 + : 0 < P < l, 0 < M < cl/d is positively invariant with respect to system (2).
Proof. We prove it by phase plane analysis. Consider the vector field defined on the boundary of Ω. On the bottom boundary of Ω ( i.e., {(P, M) ∈ R 2 : 0 < P < l, M = 0}), one hasṀ = cP ≥ 0. On the upper boundary of Ω (i.e., {(P, M) ∈ R 2 : 0 < P < l, M = cl/d}),Ṁ < −b 2 M 2 < 0. On the left boundary of Ω ( i.e., {(P, M) ∈ R 2 : P = 0, 0 < M < cl/d}),Ṗ = bM > 0. On the right boundary of Ω ( i.e., {(P, M) ∈ R 2 : P = l, 0 < M < cl/d}),Ṗ < (a − |a|)P ≤ 0. Therefore, any trajectory starting in Ω stays in Ω for all forward time.
Theorem 2. System (2) has no closed orbit in Ω .
Proof. Consider the Dulac's function H(P, M) = 1/P , then
By Bendixson-Dulac's negative criterion [1] , there cannot be a closed orbit contained in Ω. Proof. The equilibrium (P, M) of (2) solves
E 0 obviously exists. If a > 0 and c = 0, then solving (⋆) produces E 1 ; Otherwise, there is no E 1 solving (⋆). Next, we deal with the existence of the positive equilibrium E * . If c = 0, then it is obvious that E * does not exist. If ad + bc ≤ 0, then we have a < 0. From (⋆), it follows that
Note that F (0) = −(ad + bc) ≥ 0, then F (P ) > 0 and F (P ) = 0 if and only if P = 0. Therefore, if ad + bc ≤ 0, then E * does not exist.
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If ad + bc > 0, c = 0, and b = 0, then solving (⋆) gives a unique E * with
If ad + bc > 0, c = 0, and b = 0, then F (0) = −(ad + bc) < 0. If a ≤ 0, then F ′ (P ) > 0 and
By the continuity and monotonicity of F (P ), there exists a unique P * ∈ (0, bc/b 1 d) such that F (P * ) = 0 and then
By the continuity and monotonicity of F (P ), there exists a unique
The Jacobian of system (2) evaluated at (P, M) reads
Theorem 4. If ad + bc < 0, then E 0 is globally asymptotically stable node; if ad + bc = 0, then E 0 is a saddle-node and the saddle-node bifurcation occurs; if ad + bc > 0, then E 0 is an unstable saddle.
Proof. Note that
If ad + bc < 0, then Tr(J(E 0 )) < 0, det(J(E 0 )) > 0. Hence E 0 is locally asymptotically stable. In addition, in this case, E 0 is the unique equilibrium. By Theorem 2 and Poincare-Bendixson Theorem, E 0 is globally asymptotically stable. The proof of the rest of the claims is trivial. The details are omitted.
Theorem 5. If ad + bc > 0 and c = 0 (i.e. a > 0 and c = 0), then E 1 is globally asymptotically stable.
Proof. Note that Tr(J(E 1 )) = −(a + d) < 0, det(J(E 0 )) = ad > 0. Then, E 1 is locally asymptotically stable. In this case, E 0 is unstable saddle and E * does not exist. The conclusion follows from Theorem 2 and Poincare-Bendixson Theorem.
Theorem 6. If ad + bc > 0 and c = 0, then E * is globally asymptotically stable.
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Proof. It is not difficult to show that
then Tr(J(E * )) < 0 and det(J(E * )) > 0. Hence, E * is a node and is locally asymptotically stable. In this case, E 0 is an unstable saddle and E 1 does not exist. Therefore, since Ω is simply connected and positively invariant and contains no closed orbits, by Poincaré-Bendixson Theorem [1] , all solutions of (2) starting in Ω converge to E * . Thus, E * is globally asymptotically stable.
